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Abstract 
An investigation of structural and mechanical properties of abrasive tools on a ceramic binder for its durability is performed. It 
shows the relationship of operational parameters of the grinding wheel: cutting capacity, durability with a critical stress intensity 
factor, the solution of the effective work of fracture and specific work of crack initiation abrasive composite. The experimental 
dependence of the wear of the circle to the magnitude of deformation of the composite under the action of being the grinding 
force: Ɋɭ and Ɋz has been obtained. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of ICIE 2016. 
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1. Introduction 
The increase of operational reliability of machines is associated with the improvement of grinding processes by 
applying rational abrasive tool. 
Currently a significant amount of research devoted to the selection of processing modes the characteristics of the 
instrument, the compositions of Metalworking fluids [1-8]. Obtained results allowed to increase the length and 
quality grinding of critical parts of machines. 
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2. Relevance 
With all the variety of characteristics in abrasive-tool, commercially available, often the problem is formulated 
for optimal grinding for certain operations, treated materials, emerging material modes. Lack of scientific based 
principles of creating abrasive instrument causing the need for long-term experimental studies on the selection of 
optimal ha-characteristics of grinding wheels. 
3. Statement of the Problem 
A broad introduction to the industry of waste-free, low-energy production requires the intensive development of 
finishing processes of machining abrasive tool. The solution of this problem is connected with improvement of 
production technologies and the use of abrasives. In accordance with existing conceptions of technological 
processes of manufacturing and use of abrasives differ in complex traits. The essence of these signs is to approach 
individually to each of the operations forming the instrument from crushing to the classification of abrasive material 
prior to its operation and complete exhaustion of resources. In this approach, each of the technological processes 
specific aims are solved in accordance with the requirements to the properties of intermediate products. This 
situation leads to the fact that the process of manufacture of the abrasive tool is implemented taking into account 
performance on each specific operation. Numerous studies in the field of operation of the abrasive tool eventually 
allowed to establish a General dependence of operational characteristics of abrasive machining processes on the 
characteristics of the instrument: grain size, hardness, structure, material of abrasive material and ligaments. The 
abrasive tool is a heterogeneous disperse system, passing the difficult path from the moment of mixing the starting 
components prior to the operation the consolidation of the workpiece of the required geometric dimensions. 
Consideration of the properties of disperse systems in the manufacture of abrasive tools, patterns, education, living 
conditions and changes under the influence of different factors is reflected in the fundamental works on physical-
chemical mechanics of disperse. These studies have shown that physico-chemical mechanics of materials is a 
scientific basis for technological processes of their manufacture. Our research was the role and importance of 
physical and chemical processes in the treatment zone at various operations. Consideration of the operation of 
abrasive tool on a specific operation from the standpoint of physical chemistry of dispersed systems, considering the 
surface thermodynamics and electrical surface phenomena, adsorption and properties of the interfacial boundary 
layer will allow to formulate science-based requirements to the technology of production and operation. 
Given the complexity of the phenomena accompanying the processes of manufacture and operation of abrasive tool, 
the methodological basis is the system approach, allowing to consider the period from its creation to practical use. 
The General formulation of the the life of the abrasive tool consists of sequential steps: mixing of the components 
forming the workpiece, the consolidation of the dispersed system, machining of the workpiece, the operation until 
the complete exhaustion of the resource. A well-developed theory of physico-chemistry of dispersed systems was 
developed for equilibrium conditions and the migration of existing views in real disperse systems exposed to intense 
mechanical and other influences, incorrect. 
It was interesting to study the relationship between structural-mechanical and performance properties of the 
abrasive instrument on a ceramic binder. This tool is a composite material with heterogeneous structure. In the 
process of making abrasive tools: molding, heat treatment is formed of a porous structure in which the binder 
performs a role of "bridges" that hold the abrasive and grain. The heterogeneity of the structure of the abrasive 
composite is the basic cause of the variability of strength in various parts of the volume of the instrument. In the 
grinding process in contact with the metal volume in the instrument apply high-frequency alternating loads. As a 
result, there is a development network micro cracks as in the binder and abrasive grains. 
       An important operational indicator of the abrasive tool JW-is the length of time between edits (resistance 
between edits) [9, 10]. The period of durability of the grinding wheel between edits provide is the relationship 
between the process dull abrasive grains and the renewal of their cutting edges due to the contained chip parts under 
the forces of grinding. Upon reaching the "limit" of wear of the abrasive grains it is pulling it from the bunch. In this 
regard, the abrasive tool must have a structure with a certain ratio between the abrasive grain strength and strength 
retention in the bundle. This indicates the importance of control and management of the development process under 
the load of micro cracks in the matrix of the abrasive composite and the abrasive grains. 
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4. The theoretical part 
In the framework of kinetic theory, the composite begins when the critical voltage, brushless used the critical 
stress intensity factor [12], the assessment is based on dependence: 
 1 2 001Iɫ IɫɄ ɉ Ʉ ɉ dO O V   ,  (1) 
where IcK  ɢ V – fracture toughness and strength of the tight material; 1O  ɢ 2O  – are constants; ɉ – is the volume 
fraction of pores; d0 – is the average diameter of the pores.  
Another important criterion for the kinetics of fracture of a porous composite is the ratio of the effective work of 
fracture and specific work of crack initiation. According to [13] for porous structures are: 
 20 1 ,I I ɉJ J    (2) 
where 0IJ  is the specific work of fracture in the absence of their own fields-on voltages. 
The value is determined from the equation [14]: 
0
exp( ),F F cɉJ J    (3) 
where 0FJ  is the specific work of fracture non-porous body; C – constant. 
The analysis of the equations (1), (2), (3) shows that depending on the structural-mechanical characteristics of the 
abrasive composite: the viscosity of the gap solutions and the strength of the matrix and the grains, the porosity, the 
pore diameter will be changes to have a type of fracture of the tool when grinding: the development of intergrain 
cracks (in the joints ligaments or contact "bundle – grain) or the destruction of abrasive grains. The destruction of 
the abrasive composites for grinding can be initiated due to thermal shock. According to [12] the influence of 
temperature on brittle matrix causes the development in the area surrounding the dispersed particles of the tensile 
stress that is a consequence of the inequality of the coefficients of thermal expansion (CTE) of the material of 
abrasive material and ligaments. Therefore, by adjusting this coefficient of the material of the ligaments can affect 
the fracture properties of the composite under grinding. At the same time it is necessary to specify that the critical 
temperature of the composite, causing its destruction, through the development of micro cracks in the matrix and the 
grain increases with decrease of the diameter of the latter according to the ratio  
1
2~Ɍ d'  [15]. 
The proposed approach to the analysis of interrelationship between structural-mechanical and performance 
properties of the abrasive tool is of interest for the reason that along with the definition and evaluation of parameters 
of slit-rampart range there is a possibility of their optimization during the creation of at all stages of technological 
process: the molded mixture mixing, molding, heat treatment, selection of components.  
Thus, there are prerequisites for "design" abrasive tool. For the practical implementation of this approach, the 
necessity of conducting experimental studies to obtain values of parameters entering into the equations (1), (2), (3). 
5. Experimental results 
In this work, there were some experimental investigations were undertaken on verification of possibility of 
practical use of the proposed approach. We investigated the effect of structural-mechanical characteristics of 
grinding wheels: porosity, coordination number (number of links abrasive grain bridges ligament, the elastic 
modulus of the ligament).Polished samples of steel X10CrNiTi18-10 circles from of corundum grain size of 250 
micrometers, a porosity of 42 and 57 %, hardness K. Grinding speed of 30 m/sec, grinding depth of 0.1 mm. During 
the experiments, was measured abrasive wear of the circle.  
Using analytical expressions [16]: 
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where ș – porosity; 0P  – modulus of elasticity of the ligaments;V z – tangential stress in the contact «circle – the 
surface of the workpiece»; expected the amount of deformation of the abrasive composite H . 
Processing of experimental data allowed us to obtain the empirical-will forge a relation between the grinding 
wheel wear and strain information 0,95: 
 52,3exp 36,7Q H .   (5) 
6. Conclusions 
Studies have substantiated the approach to it is established the relationship of structural-mechanical and 
performance properties of abrasive tool, to identify ways of improvement and optimization in the developmental 
stages of the grinding wheel. 
Theoretical propositions formed the basis of manufacturing technology of high-performance abrasive tools [17-
20]. 
References 
[1] D.G. Evseev, A.N. Salnikov, Physical principles of the grinding process, Publishing house of Saratov University, Saratov, 1978. 
[2] S.N. Korczak, Performance of grinding process of steel parts, Mashinostroenie, Moscow, 1974. 
[3] S.V. Kostrov, S.A. Ryabtsev, The Analysis of operational properties of grinding wheels of the raised structure, J. Vestnik MSTU Stankin. 4 
(2009) 61–68. 
[4] N.V. Nosov, A.V. Rozhnyativ, Physical and mechanical properties of abrasive tools, in: Proceeding of Sat. Int. scientific.-tech. Conf. 
Finishing and hardening technology in mechanical engineering. (1994) 48–49. 
[5] A.I. Miraceti, V.M. Shumyacher, Improving the efficiency of the abrasive machining process by controlling the structural parameters of 
abrasive tools, J. manufacturing engineering. 1 (2007) 28–32. 
[6] N.V. Nosov, Improving the efficiency and quality of the AI directed by the regulation of their functional parameters, Dr. diss., Samara, 1997. 
[7] L.V. Khudobin, S.A. Husainov, The Grinding of workpieces of wedge products, UlSTU, Ulyanovsk, 2007. 
[8] V.M. Shumyacher, A.V. Sidelnikov, The Influence of the surface shape of the grinding wheel and the orientation of the abrasive grain in the 
bond at the beginning of chip formation, J. manufacturing engineering. 5 (2007) 29–33. 
[9] E.A. Maslov, Theory of grinding metal, Mashinostroenie, Moscow, 1974. 
[10] S.A. Popov, N.P. Malevsky, L.M. Tereshchenko, Diamond-abrasive machining of metals and hard alloys, Mashinostroenie, Moscow, 1977. 
[11] A.V. Korolev, The Study of formation processes of surface abrasion when the abrasive processing, Publishing house of Saratov University, 
Saratov, 1975. 
[12] Y.L. Krasulin, S.M. Barinov, V.S. Ivanov, Structure and fracture of materials from powders of refractory compounds, Nauka, Moscow, 
1985. 
[13] L.A. Simpson, Effect of microstructure on the measurement of fracture energy of Al2O3. J. Amer. Ceram. Soc. 1 (1973) 7–11. 
[14] R.W. Rice, S.W. Freiman, The variety of architectural expressions dependene of fracture eneryies, Jn: Ceramic microstructures. 76 (1977) 
43–48. 
[15] K.K. Strelow, G.A. Pranckevicius, The Critical fragment size patterns of the heat-resistant refractories, J. Problems of strength. 9 (1982) 57–
58. 
[16] V.M. Shumyacher, About the relationship of structural-mechanical and service properties of abrasive tools, Proceedings of the Volgograd 
Polytechnic Institute, Volgograd. (1986) 77–80. 
[17] V.M. Shumyacher, V.A. Nazarenko, S.A. Kryukov, I.V. Galichenko, RU Patent 2215643. (2003). 
[18] V.M. Shumyacher, V.A. Nazarenko, S.A. Kryukov, I.V. Galichenko, RU Patent 2262434. (2004). 
[19] V.M. Shumyacher, V.A. Slavin, S.A. Kryukov, RU Patent 2354534. (2009). 
[20] V.M. Shumyacher, V.A. Slavin, S.A. Kryukov, RU Patent 2301737. (2007). 
